In terms of the telescoping method, a simple binomial sum is given. By applying the derivative operators to the equation just mentioned, we establish several general harmonic number identities including some known results.
Introduction
For n ∈ N 0 , define the harmonic numbers by Then it is not difficult to show the following two derivatives: For a complex sequence {τ k } k∈Z , define the difference operator by
Then we have the following relation:
Combining the last equation and the telescoping method:
we obtain the simple binomial sum:
By applying the derivative operators to (1), several general harmonic number identities including some known results will be explained in the next two sections.
Harmonic number identities

2.1.
Performing the replacement y → y + p for (1) with p ∈ N 0 , we have
Applying the derivative operator D y to the last equation, we establish the theorem.
Theorem 1 For x ∈ C and p ∈ N 0 , there holds the harmonic number identity:
.
When p = 0, Corollary 2 reduces to the known result (cf. [1, Equation (2.1)]):
Making x = p + 1 in Theorem 1 and considering the relation:
we get the following equation by using Corollary 2.
Corollary 3 For p ∈ N 0 , there holds the harmonic number identity:
When p = 0, Corollary 3 reduces to the result due to Chen et al. [1, Equation (2.2)]:
Letting x = p + 2 in Theorem 1 and considering the relation:
we achieve the following equation by using Corollaries 2 and 3.
Corollary 4 For p ∈ N 0 , there holds the harmonic number identity:
36 .
When p = 0, Corollary 4 reduces to the result due to Chen et al.
When p = n, Corollary 4 reduces to the known result (cf. [1, Equation (2.7)]):
We remark that Chyzak [2] and Schneider [3] 
Setting x = −n in Theorem 1 and considering the relation:
we recover, by using (2), the result due to Sofo [5, Corollary 3] :
Taking x = 1 − n in Theorem 1 and considering the relation:
we recover, by using (2) and (3), the result due to Chu [6, Corollary 1.8]:
The case p = 0 of (2)- (4) read, respectively, as
where n > 2.
The last three beautiful identities with their generalizations have been given by Sofo [7] . Subsequently, we shall display several equations which include also (5)- (7) . Making x → −x − n − 1, p → 0 for Theorem 1, we get the following equation.
Corollary 5 For x ∈ C, there holds the harmonic number identity: 
Letting x → x − 1 for Corollary 5 and considering the relation:
we achieve the following equation by using Corollary 5.
Corollary 6 For x ∈ C, there holds the harmonic number identity:
When x = 0, Corollary 6 reduces to (6) exactly. Making x → x − 1 for Corollary 6 and considering the relation:
we get the following equation by using Corollary 6.
Corollary 7 For x ∈ C, there holds the harmonic number identity:
When x = 0, Corollary 7 reduces to (7) exactly.
2.2.
Employing the substitutions x → y + p, y → x for (1) with p ∈ N 0 , we have
Applying the derivative operator D y to the last equation, we found the theorem.
Theorem 8 For x ∈ C and p ∈ N 0 , there holds the harmonic number identity:
Of course, Corollaries 2-4 can also be implied by the theorem. Now, we shall derive other several results that correspond to Corollaries 5-7, from Theorem 8.
Letting x → −x − n − 1, p → 0 for Theorem 8, we achieve the following equation.
Corollary 9 For x ∈ C, there holds the harmonic number identity:
When x = 0, Corollary 9 reduces to the interesting identity:
The last formula and its more general relation have been offered by Kronenburg [8] .
Making x → x + 1 for Corollary 9 and considering the relation:
we get the following equation by using Corollary 9.
Corollary 10 For x ∈ C, there holds the harmonic number identity:
Letting x → x + 1 for Corollary 10 and considering the relation:
we achieve the following equation by using Corollary 10.
Corollary 11 For x ∈ C, there holds the harmonic number identity:
where
Further harmonic number identities
3.1.
Performing the replacements x → x + p, y → y + q for (1) with p, q ∈ N 0 , we have
Applying the derivative operator D 2 xy to the last equation and using Theorems 1 and 8, we establish the theorem.
Theorem 12 For p, q ∈ N 0 , there holds the harmonic number identity:
Making q = p in Theorem 12, we get the following equation.
Corollary 13 For p ∈ N 0 , there holds the harmonic number identity:
When p = 0, Corollary 13 reduces to the known result (cf. [1, Equation (2.8)] and [9, Equation (3.1)]):
Letting q = p − 1 in Theorem 12 and considering the relation:
H p+k , we achieve the following equation by using Corollaries 2 and 13.
Corollary 14 For p ∈ N 0 , there holds the harmonic number identity:
When p = 0, Corollary 14 reduces to the result due to Kronenburg [9, Equation (4.18)]): 
